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LOW FRICTION SOUND-TYPE SILENT
CHAIN

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority under Title 35, United
States Code, §119 (a)-(d) based on Japanese Patent Applica-

tion No. 2009-129309, filed on May 28, 2009. The disclosure
of Japanese Patent Application No. 2009-129309 1s herein
incorporated by reference 1n its entirety.

FIELD OF THE INVENTION

The 1mvention relates to a silent chain for use as a timing,
chain in an automobile and as a power transmission chain 1n
industrial machinery.

BACKGROUND OF THE INVENTION

Silent chains are widely used as timing chains in automo-
bile engines to transmit power from a crankshait to one or
more camshafts, and are also used 1n many other power trans-
mission applications. A conventional silent chain comprises a
large number of interleaved rows of link plates, each plate
being bifurcated to form a pair of teeth for engagement with
sprocket teeth. The mner engagement surfaces, or “inner
flanks,” of the teeth are formed so that they bulge out slightly
beyond the outer engagement surfaces, or “outer flanks,” of
adjacent, overlapping, teeth in a preceding row of link plates
when the chain 1s straight and under tension. When the chain
1s used to transmit power, the inner flank starts to engage with
a tooth of a sprocket, but the link plate 1s seated by contact
between its outer flanks and a pair of sprocket teeth.

The travel line of a free span of a conventional silent chain
approaching a sprocket moves inward and outward relative to
the loop formed by the chain. This inward and outward move-
ment 1s a result of polygonal movement of the chain, also
known as “‘chordal action,” as the chain comes 1nto engage-
ment with the sprocket. As a result of outward movement of
the chain, link plates can become inclined slightly forward as
they start to engage the sprocket. The sprocket tooth-contact-
ing surfaces of the inner flanks are shaped as circular arcs so
that the link teeth slidably contact the sprocket tooth surfaces
without excessive Iriction when starting to engage with, and
when separating {rom, the sprocket. An example of such a
chain 1s shown and described 1n Japanese Patent Publication
No, He1. 2-19339 for example. Other silent chains have
straight 1nner flanks so that the engagement starting region 1s
straight. However, 1n the case of chains having straight inner
flanks, there 1s a danger that chordal action and the resulting
forward inclination of link plates approaching a sprocket will
cause direct clashing of the tips of the link plate teeth with tips
of the sprocket teeth.

With the conventional silent chain, even though it 1s pos-
sible to prevent the excessive Irictional engagement 1n start-
ing to engage with the sprocket, contact pressure 1s high
because the contact area immediately after initial engagement
of a link plate tooth with a sprocket tooth 1s small. Conse-
quently, it 1s difficult to reduce engagement noise.

SUMMARY OF THE INVENTION

The mvention 1s directed toward solving the problem
described above by providing a low irictional sound silent
chain that engages with a sprocket smoothly and continu-
ously. As the chain engages with the sprocket, mitial engage-
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2

ment of the sprocket teeth by inner flanks of the link plate
teeth of the chain takes place, and 1s followed by engagement
of the sprocket teeth with outer tlanks of adjacent link plate
teeth. Frictional sounds that would otherwise be generated are
reduced by reducing contact pressure between the chain and
the sprocket, resulting 1n an overall reduction 1n the noise

level produced 1n the operation of a chain transmission.

A low frictional sound silent chain 1n accordance with a
first aspect of the mvention, comprises rows of link plates,
cach being bifurcated to form a pair of teeth each having a tip
and a root. Each of the rows of link plates 1s interleaved with
two other rows of link plates, and connected thereto by con-
necting pins whereby teeth of the link plates 1n each row
overlap teeth of the link plates 1n an adjacent row. The 1nner
flank of each tooth 1s composed of an arc-shaped engagement
starting region adjacent the tip of the tooth and a straight
engagement guiding region extending from the tip toward the
root of the tooth. The term “engagement starting region”™ as
used herein refers to the region of the inner flank of a forward
link plate tooth that first comes 1nto contact with a sprocket
tooth 1n the process of meshing as the chain approaches the
sprocket when the travel line of the chain 1s not lifted due to
chordal action. The inner and outer flanks are shaped so that,
when any part of the chain 1s straight and under tension, the
arc-shaped parts and the straight parts of the mner flanks of
the teeth 1n that straight part of the chain protrude beyond the
outer tlanks of overlapping teeth in an adjacent row 1n the
same straight part of the chain. Therefore, as the chain
engages with a sprocket, inner tlanks of the link plate teeth
engage the sprocket teeth, and thereaiter outer flanks of over-
lapping teeth 1n an adjacent row come 1nto engagement with
the same sprocket teeth. The arc-shaped engagement starting,
region should have suflicient curvature that 1nitial engage-
ment takes place between the engagement starting region and
a sprocket tooth, and sliding of the inner flank inwardly along
the sprocket tooth can take place even when the span of the
chain approaching the sprocket tooth 1s lifted as a result of
chordal action. The straight engagement guiding region of the
inner flank 1s preferably positioned on the inner tlank so that
engagement of the mner flank with the sprocket tooth pro-
ceeds continuously and smoothly from the arc-shaped
engagement starting region to the straight engagement guid-
Ing region.

An advantage of the silent chain according to the first
aspect of the invention 1s that, because the engagement of the
chain with the sprocket takes place continuously without
interruption, with inner tlank engagement followed by outer
flank engagement, engagement sounds that would otherwise
be generated by outer flank engagement are suppressed, and
smooth engagement and seating are achieved.

Because the arc-shaped engagement starting regions of the
inner flanks protrude slightly beyond the outer flanks of the
overlapping teeth, string vibration in the span of the chain
approaching a driving sprocket can be suppressed, and the
overall noise produced by the chain transmission can be
reduced.

Furthermore, because the inner flanks are composed of
arc-shaped engagement starting regions adjacent the tips of
the teeth, 1t1s possible to avoid clashing of the tips of the chain
teeth with tips of the sprocket teeth even when the free span of
the chain approaching the sprocket 1s lifted as a result of
chordal action, causing the link plates to incline slightly for-
ward as they begin to engage with the sprocket. Additionally,
because the straight engagement guiding regions extend
toward the roots of the teeth, 1t 1s possible to reduce the noise
level by reducing contact pressure.
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According to a second aspect of the invention, the length of
the straight engagement guiding region of each inner tooth
flank 1s greater than the length of the arc-shaped engagement
starting region. As a result, the engagement impact force
exerted between the inner flanks and the sprocket teeth 1s
reduced.

According to a third aspect of the imvention, the radi1 of
curvature and the lengths of the arc-shaped engagement start-
ing regions of the inner flanks of the link plate teeth vary
non-uniformly along the length of the chain. As a result,
timing of engagement between the arc-shaped engagement
starting regions of the link teeth and the sprocket teeth varies,
and periodic engagement sounds are suppressed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a sectional view of a timing transmission enclo-
sure¢ of a dual overhead cam internal combustion engine
showing an environment in which the low frictional sound
chain according to the invention can be used;

FIG. 2 1s a perspective view of a part of the low frictional
sound silent chain;

FIG. 3 1s an elevational view of a link plate of the low chain
of FIG. 2: and

FIG. 4 1s a schematic side elevational view of a part of the
chain, showing the manner in which the chain comes into
engagement with a sprocket.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The silent chain according to the invention, comprises
interleaved rows of bifurcated link plates, connected by con-
necting pins and arranged so that teeth of the link plates in
cach row overlap teeth of the link plates 1n an adjacent row.
When the chain 1s straight and under tension, the inner flanks
of the teeth protrude beyond the outer flanks of the adjacent
overlapping teeth so that, as the chain engages with a
sprocket, inner flanks of the link plate teeth engage the
sprocket teeth, and thereafter outer flanks of the overlapping
teeth come 1nto engagement with the same sprocket teeth. The
inner flank of each tooth 1s composed of an arc-shaped
engagement starting region adjacent the tip of the tooth and a
straight engagement guiding region extending from the tip
toward the root of the tooth. These features of the chain
according to the mvention can be mcorporated mto any of a
variety of embodiments.

The clearance between the straight engagement guiding
region of the link plates and the tooth surfaces of the sprocket
on engagement can be substantially zero for a sprocket having
a maximum number of usable teeth. Therefore, engagement
can proceed unmnterruptedly from the straight engagement
guiding region of an inner flank to the outer flank of a pre-
ceding link plate.

The connecting pins that join the interleaved rows of bifur-
cated link plates may be either round pins or rocker joint pin.

The sprocket teeth that engage with the chain of the inven-
tion can be ivolute teeth, or other forms of teeth provided that
they are capable of engaging smoothly with the link teeth of
the chain.

As shown 1n FIG. 1, which illustrates the use of the low
frictional sound silent chain 100 of the mnvention as a timing
chain 1n an internal combustion engine, the chain 1n the form
of a continuous loop 1n meshing engagement with three
sprockets S, one of which 1s a driving sprocket on the engine
crankshaft, and two of which are driven sprockets on the
engine’s valve-operating camshatits.
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A tensioner Tp applies tension to the chain through a pi1v-
oted guide Tg 1n sliding engagement with the slack side of the
chain, 1.e., the side traveling from the crankshaft sprocket
toward a camshaft sprocket. A fixed guide Fg 1s 1n shiding
engagement with the tension side of the chain, 1.e., the side
traveling from a camshaft sprocket toward the crankshaft
sprocket. These guides restrict the path of travel of the chain.

As shown 1n FIG. 2, the chain 100 1s composed of a large
number of link plates 110, each plate being bifurcated to form
pair of teeth 1104 (as seen 1n FIG. 3). The plates are arranged
in rows which are interleaved with one another and joined
articulably by round connecting pins 120, which extend 1n the
direction of the width of the chain. The plates are configured
so that engagement with a sprocket tooth begins with engage-
ment of an mner flank facing in a direction opposite to the
direction of chain travel, and so that, when a link plate 1s fully
seated on the sprocket, both of 1ts outer flanks are engaged
with sprocket teeth.

As seen 1n FIG. 2, guide plates 130 are provided on both
sides of the chain. These guide plates maintain the path of
travel of the chain in alignment with the sprockets. The con-
necting pins may be fixed to the guide plates and rotatable in
pin holes toothed link plates.

Preferably, the sprockets S 1n FIG. 1 have mvolute tooth
profiles for engagement with the teeth of the chain

As shown 1n FIG. 3, on the forward tooth 110a of the link
plate, the inner flank 111, that faces 1n a direction opposite to
the direction of chain travel, 1s composed of an arc-shaped
engagement starting region 111q located at the tip of the link
tooth, and a straight engagement guiding region 1115 extend-
ing from a location adjacent the arc-shaped engagement start-
ing region toward the root of the tooth. The length of the
straight engagement guiding region 1115 1s preferably longer
than the length of the arc-shaped engagement starting region
111a. The inner flank of the rear tooth 110a can have the same
shape as that of the forward tooth.

As seen 1n FIG. 4, the mner flank 111 of a link tooth
protrudes slightly beyond the adjacent outer tlank of the over-
lapping tooth of the preceding link plate, at least when the
portion of the chain in which these link plates are located 1s
straight and under tension.

The radius of curvature Ra (FIG. 3) of the engagement
starting region 1114, and the length La of the straight engage-
ment guiding region, are preferably the same for all of the link
plates 1 a given row, but vary nonuniformly from row to row
along the length of the chain 1in order to vary engagement
timing and thereby avoid setting up periodic vibrations.

The steps by which the low frictional sound silent chain
100 comes 1nto engagement with the teeth of a sprocket S are
illustrated FI1G. 4. First, a tooth T3 of the sprocket S starts to
engage with the chain by contacting an mner flank 111 of a
link tooth and specifically by contacting the arc-shaped
engagement starting region 111a, formed on the rearwardly
facing side of the tip of a forward tooth of a link plate 110.
After the start of engagement, and during the rotation of the
sprocket through an angle corresponding to the tooth pitch
distance, the sprocket tooth moves continuously along the
inner flank of the link plate tooth from the arc-shaped engage-
ment starting region 111a to the straight engagement guiding
region 1115, so that the condition of engagement 1s that of
sprocket tooth 12 1n FIG. 4.

Even 1f the line of travel of the free span of the chain
approaching the sprocket lifts as a result of polygonal move-
ment (also called *““chordal action™), and the link plate
becomes inclined slightly forward by rotation on a connect-
ing pin upon starting to engage with the sprocket, 1its arc-
shaped engagement starting region 111a comes nto moder-
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ate engagement with a tooth T4 while the straight engagement
guiding region of the preceding link plate 1s 1n sliding contact
with sprocket tooth T3.

Thus, the sprocket teeth T3 and T4 guide the respective
iner flanks 111 of successive overlapping link plates so that
they are in contact with the sprocket teeth at the same time.

As the sprocket continues to rotate, the straight engage-
ment guiding region of a link plate tooth flank and an outer
flank of an overlapping tooth of a preceding link plate contact
a sprocket tooth T3 simultaneously for an instant, reducing
contact pressure between the sprocket and the chain. Then,
the straight engagement guiding region detaches slightly
from the tooth surtace T3 as the preceding link plate becomes
tully seated with 1ts outer tlanks 1n contact with sprocket
teeth. Accordingly, the outer flank 112 of the preceding link
plate 110 engages with a sprocket tooth T3, taking the place of
the straight engagement guiding region 1115 next link plate
without any gap, that 1s, without any interval following nitial
contact during which none of the teeth 1n a row of teeth 1s 1n
contact with a sprocket tooth.

The respective link plates 110 seat on, and engage one by
one with, teeth 'T1, T2, T3 etc. of the sprocket S for transmis-
s10n of power.

If the travel line of the chain moves outward by a distance
h as shown 1n F1G. 4, the resulting engagement of inner flanks
ol the link plate teeth with the sprocket teeth increases tension
in the chain, compensating for the looseness corresponding to
the outward movement of the chain travel line, and suppress-
ing string vibration.

Furthermore, because the low frictional sound silent chain
has arc-shaped engagement starting regions, even if the free
span of chain approaching the sprocket 1s lifted by a height h
due to chordal action, the abutment of the link plates with the
sprocket teeth 1s advanced, increasing tension of the chain,
reducing looseness in the chain and suppressing string vibra-
tion.

Because the low Irictional sound silent chain 100 of the
invention 1s composed of link plates in which the inner flanks
111 have an arc-shaped engagement starting region 111a
adjacent the tip of the tooth and a straight engagement guiding
region 1115 extending toward the root of the tooth, the link
plates engage smoothly with the sprocket teeth with continu-
ously engagement, first by an 1mnner flank 111 and then by an
outer flank 112. The chain prevents irictional noise, and
thereby reduces the level of the overall noise generated by
operation of the chain transmission, by reducing contact pres-
sure between the chain and the sprocket, even 1f the link plates
start to engage the sprocket while inclining forward due to
polygonal movement.

Because the straight engagement starting region 1115 1s to
be longer than the arc-shaped engagement starting region
111a, the mnner flanks 111 of the link plates 110 1n any given
row of teeth come imto contact simultaneously with the
sprocket S. As a result, the engagement impact force of the
inner flanks 1s reduced, the impact sounds may be dispersed to
the inner flanks 111 of the preceding overlapping link plates
110.

What 1s claimed 1s:

1. A low frictional sound silent chain, comprising;:

rows of link plates, each being biturcated to form a pair of
teeth each having a tip and a root, each of said rows of
link plates being interleaved with two other rows of link
plates and connected thereto by connecting pins,
whereby teeth of the link plates 1n each row overlap teeth
of the link plates 1n an adjacent row;

wherein said teeth have inner and outer flanks:
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6

wherein the inner flank of each of said teeth 1s composed of
an engagement starting region adjacent the tip of the
tooth, the engagement starting region being in the form
of a circular arc having a constant radius, and a straight
engagement guiding region extending from the engage-
ment starting region to the root of the tooth, the root
being spaced from said circular arc;
wherein said mner flanks are shaped so that, when any part
of the chain 1s straight and under tension, the engage-
ment starting regions and the straight engagement guid-
ing regions of the inner flanks of the teeth 1n said part of
the chain protrude beyond the outer flanks of overlap-
ping teeth 1n an adjacent row 1n said part of the chain,
whereby, as the chain engages with a sprocket, inner
flanks of the link plate teeth engage the sprocket teeth
and thereafter outer flanks of overlapping teeth 1n an
adjacent row come 1nto engagement with the same
sprocket teeth; and
wherein the mner flanks of each link plate of the chain are
shaped so that, even when a link plate of the chain 1s
inclined slightly forward as a result of chordal action, the
engagement starting region and the straight engagement
guiding region of 1ts forward 1inner tlank are disposed so
that the engagement of the inner flank with a sprocket
tooth starts at the engagement starting region and con-
tinuously shifts from the engagement starting region to
the straight engagement guiding region as said sprocket
rotates.
2. The low frictional sound silent chain according to claim
1, wherein the radn of curvature and the lengths of the
engagement starting regions of the mner flanks of the link
plate teeth vary non-unmiformly along the length of the chain.
3. The low frictional sound silent chain according to claim
1, wherein the length of said straight engagement guiding
region 1s greater than the length of said engagement starting
region.
4. The low frictional sound silent chain according to claim
3, wherein the radn of curvature and the lengths of the
engagement starting regions of the mner flanks of the link
plate teeth vary non-uniformly along the length of the chain.
5. A chain transmission comprising a driving sprocket, at
least one driven sprocket, and a low frictional sound silent
chain 1n meshing engagement with the driving sprocket and
said at least one driven sprocket, the chain comprising:
rows of link plates, each being bifurcated to form a pair of
teeth each having a tip and a root, each of said rows of
link plates being interleaved with two other rows of link
plates and connected thereto by connecting pins,
whereby teeth of the link plates 1n each row overlap teeth
of the link plates 1n an adjacent row;
herein said teeth have inner and outer flanks;
herein the mnner flank of each of said teeth 1s composed of
an engagement starting region adjacent the tip of the
tooth, the engagement starting region being 1n the form
of a circular arc having a constant radius, and a straight
engagement guiding region extending from the engage-
ment starting region to the root of the tooth, the root
being spaced from said circular arc;
wherein said inner flanks are shaped so that, when any part
of the chain 1s straight and under tension, the engage-
ment starting regions and the straight engagement guid-
ing regions of the inner flanks of the teeth 1n said part of
the chain protrude beyond the outer flanks of overlap-
ping teeth 1n an adjacent row 1n said part of the chain,
whereby, as the chain engages with a sprocket, inner
flanks of the link plate teeth engage the sprocket teeth
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and thereaiter outer tlanks of overlapping teeth 1n an
adjacent row come 1mto engagement with the same
sprocket teeth;
wherein the engagement starting region has suilicient cur-
vature that mnitial engagement takes place between said 5
engagement starting region and a sprocket tooth and
sliding of said inner flank 1nwardly along the sprocket
tooth can take place even when the span of the chain
approaching said sprocket tooth 1s lifted as a result of
chordal action; and 10

wherein the straight engagement guiding region of said
inner tlank 1s positioned on said inner flank so that
engagement of the mner flank with the sprocket tooth
proceeds continuously from the engagement starting
region to the straight engagement guiding region even 15
when the span of the chain approaching said sprocket
tooth 1s lifted as a result of chordal action.

6. The chain transmission according to claim 5, wherein the
radi1 of curvature and the lengths of the engagement starting,
regions of the inner flanks of the link plate teeth vary non- 20
uniformly along the length of the chain.

7. The chain transmission according to claim 3, wherein the
length of said straight engagement guiding region 1s greater
than the length of said engagement starting region.

8. The chain transmission according to claim 7, wherein the 25
radn of curvature and the lengths of the engagement starting,
regions of the mner flanks of the link plate teeth vary non-
uniformly along the length of the chain.
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